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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a shaft coupling
mechanism suitable for coupling a rotating shaft on a
rotating source side such as an electric motor in an elec-
tric power steering apparatus and a rotating shaft on an
operating side such as a steering shaft of an automobile.

BACKGROUND ART

[0002] Patent document 3: JP-UM-B-3-47971

[0003] An electric power steering apparatus is for fa-
cilitating the manual steering of a steering wheel by add-
ing a torque based on the rotation of an output rotating
shaft of an electric motor to a torque based on the rotation
of the steering wheel which is manually operated. In such
an electric power steering apparatus, the steering shaft
on the steering wheel side and the rotating shaft on the
output rotating shaft side of the electric motor are coupled
by means of a shaft coupling mechanism (a coupling).
[0004] In the case where the steering shaft and the
rotating shaft are coupled by means of the shaft coupling
mechanism, there is a possibility that an impact at the
time of the reversing of the output rotating shaft of the
electric motor and the vibration of the brushes of the elec-
tric motor are transmitted to the steering wheel through
the shaft coupling mechanism and the steering shaft,
thereby causing an unpleasant steering feel to the driver.
To avoid this, it has been proposed to provide a spacer
made of such as rubber or soft resin for the shaft coupling
mechanism.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Ifthe spaceris made softer by placing emphasis
on the reduction of the impact and vibration, since the
soft spacer is likely to undergo creep deformation, back-
lash can occur in the shaft coupling mechanism owing
to the permanent deformation of the spacer due to the
repeated load on the spacer. There is a possibility that
this can also make the driver’s steering feel unpleasant.
[0006] On the other hand, if the spacer is made harder
by placing emphasis on the durability, the steering feel
improves contrary to the above since there is no back-
lash. However, the steering feel becomes uncomfortable
due to the impact and vibration transmitted to the steering
wheel, as described above.

[0007] The presentinvention has been devised in view
of the above-described circumstances, and its object is
to provide a shaft coupling mechanism for an electric
power steering apparatus in which backlash in the rotat-
ing direction is difficult to occur between one rotating
shaft, e.g., a rotating shaft coupled to the output rotating
shaft of the electric motor, and another rotating shaft,
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e.g., the steering shaft coupled to the steering wheel over
long periods of time, which makes it possible to reduce
the transmission to the steering wheel of the impact at
the time of the reversing of the electric motor and the
brush vibration, and which hence excels in durability and
prevents the steering feel from becoming uncomfortable.

MEANS FOR SOLVING THE PROBLEMS

[0008] In accordance with a first aspect of the inven-
tion, there is provided a shaft coupling mechanism dis-
posed between two rotating shafts to couple the two ro-
tating shafts by means of a pair of rotation transmitting
members for transmitting the rotation of one of the rotat-
ing shafts to another one of the rotating shafts, wherein,
with respect to the relative rotation of less than a fixed
degree in a direction about an axis of the two rotating
shafts between the two rotating shafts, the pair of rotation
transmitting members are adapted to respond with the
resistance of at least one of the rotation transmitting
members in the direction about the axis, and with respect
to the relative rotation of the fixed degree or greater in
the direction about the axis between the two rotating
shafts, the pair of rotation transmitting members are
adapted to respond with the resistance of the one and
another one of the rotation transmitting members in the
direction about the axis. The other rotation transmitting
member has a rigidity smaller than the rigidity of the one
rotation transmitting member with respect to the relative
rotation of less than the fixed degree in the direction about
the axis between the two rotating shafts, and has arigidity
greater than the rigidity of the one rotation transmitting
member with respect to the relative rotation of the fixed
degree or greater in the direction about the axis between
the two rotating shafts. With respect to the relative rota-
tion of less than the fixed degree in the direction about
the axis between the two rotating shafts, the one rotation
transmitting member has a rigidity smaller than the rigid-
ity of the other rotation transmitting member with respect
to the relative rotation of the fixed degree or greater in
the direction about the axis between the two rotating
shafts.

[0009] In accordance with the shaft coupling mecha-
nism according to the first aspect, the other rotation trans-
mitting member has a rigidity smaller than the rigidity of
the one rotation transmitting member with respect to the
relative rotation of less than the fixed degree in the di-
rection about the axis between the two rotating shafts,
and has a rigidity greater than the rigidity of the one ro-
tation transmitting member with respect to the relative
rotation of the fixed degree or greater in the direction
about the axis between the two rotating shafts. Moreover,
with respect to the relative rotation of less than the fixed
degree in the direction about the axis between the two
rotating shafts, the one rotation transmitting member has
a rigidity smaller than the rigidity of the other rotation
transmitting member with respect to the relative rotation
of the fixed degree or greater in the direction about the
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axis between the two rotating shafts. As a result, the
transmission of a very small rotation of the one rotating
shaft to the other rotating shaft can be reduced, while the
transmission to the other rotating shaft of a large relative
rotation of the one rotating shaft for the other rotating
shaftcan be effected asitis. Moreover, in the deformation
of a fixed degree or greater in the direction about the
axis, the large deformation of the one rotation transmit-
ting member can be prevented by the other rotation trans-
mitting member having a large rigidity, so that the per-
manent deformation of the one rotation transmitting
member due to creep can be reduced even by using a
soft resin material having a small rigidity for the one ro-
tation transmitting member. Thus, it is possible to reduce
the transmission to the steering wheel of the impact at
the time of the reversing of the electric motor and the
brush vibration, and it is possible to eliminate backlash
in the rotating direction between the two rotating shafts.
Hence, the steering feel can be prevented from becoming
uncomfortable, and the shaft coupling mechanism can
be made to excel in durability.

[0010] The shaft coupling mechanism in accordance
with the invention suffices if it comprises a pair of rotation
transmitting members disposed between two rotating
shafts as spacers in the rotating direction. However, the
shaft coupling mechanism in accordance with a preferred
second aspect of the invention according to the first as-
pect further comprises: one coupling base body coupled
tothe one orthe otherrotating shaft; and another coupling
base body coupled to the other or the one rotating shaft,
in which case it suffices if the pair of rotation transmitting
members are disposed between the coupling base bod-
ies.

[0011] In the shaft coupling mechanism according to
the second aspect, in a case where the one coupling
base body is coupled to the one rotating shaft, the other
coupling base body is coupled to the other rotating shaft,
and in a case where the one coupling base body is cou-
pled to the other rotating shaft, the other coupling base
body is coupled to the one rotating shaft. The one cou-
pling base body may be directly coupled and fixed to the
one or the other rotating shaft, but the one coupling base
body may be indirectly coupled to the one rotating shaft
through another rotation transmitting mechanism such
as a gear mechanism, and the same applies to the other
coupling base body.

[0012] In the shaft coupling mechanism in accordance
with a preferred third aspect of the invention according
to the shaft coupling mechanism in the second aspect,
the one rotation transmitting member includes a base
portion and at least one pair of projections provided in-
tegrally with the base portion in such a manner as to
project in a radial direction, and the other rotation trans-
mitting member includes a base portion and at least one
pair of projections which are provided integrally with the
base portion in such a manner as to project in the radial
direction, have a rigidity smaller than the rigidity of the
pair of projections of the one rotation transmitting mem-

10

15

20

25

30

35

40

45

50

55

ber with respect to the relative rotation of less than the
fixed degree in the direction about the axis between the
two rotating shafts, and have a rigidity greater than the
rigidity of the pair of projections of the one rotation trans-
mitting member with respect to the relative rotation of the
fixed degree or greater in the direction about the axis
between the two rotating shafts. With respect to the rel-
ative rotation of less than the fixed degree in the direction
about the axis between the two rotating shafts, the pair
of projections of the one rotation transmitting member
have a rigidity smaller than the rigidity of the pair of pro-
jections of the other rotation transmitting member with
respect to the relative rotation of the fixed degree or great-
erinthe direction about the axis between the two rotating
shafts. Each of the one and the other coupling base bod-
ies has a base portion and projections provided integrally
with the base portion in such a manner as to project in
an axial direction, the projections of the one coupling
base body and the projections of the other coupling base
body being arranged alternately in the direction about
the axis between the pair of projections of the one rotation
transmitting member, between the pair of projections of
the other rotation transmitting member, and between ad-
jacent ones of the projections of the one and the other
rotation transmitting members, respectively. In this case,
in the shaft coupling mechanism in a preferred fourth
aspect of the invention, each of the base portions of the
one and the other rotation transmitting members has a
smaller thickness than the axial thickness of a corre-
sponding one of the projections of the one and the other
rotation transmitting members. Furthermore, in the shaft
coupling mechanism in accordance with a preferred fifth
aspect of the invention according to the shaft coupling
mechanismin the third or fourth aspect, the base portions
of the one and the other rotation transmitting members
are superposed on each other in the axial direction.
[0013] Inthe shaft coupling mechanism in accordance
with a preferred sixth aspect of the invention according
to the shaft coupling mechanism in any one of the third
to fifth aspects, the projection of the one rotation trans-
mitting member has alinear resistance characteristic with
respect to the deformation in the direction about the axis,
and the projection of the other rotation transmitting mem-
ber has a nonlinear resistance characteristic which, in
the deformation of less than the fixed degree in the di-
rection about the axis, exhibits a gradient smaller than
the gradient of the linear resistance characteristic of the
one rotation transmitting member, and which, in the de-
formation of the fixed degree or greater in the direction
about the axis, exhibits a gradient greater than the gra-
dient of the linear resistance characteristic of the one
rotation transmitting member.

[0014] In the shaft coupling mechanism in accordance
with a preferred seventh aspect of the invention accord-
ing to the shaft coupling mechanism in any one of the
third to sixth aspects, the projection of the one rotation
transmitting member has a width in the direction about
the axis which is greater than the width of the projection
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of the other rotation transmitting member in the direction
about the axis. In this case, in the shaft coupling mech-
anism in accordance with a preferred eighth aspect of
the invention, the projection of the other rotation trans-
mitting member has an accommodating groove for ac-
commodating a compressively deformed portion of the
projection of the one rotation transmitting member, the
accommodating groove being formed in cooperation with
the projection of the one rotation transmitting member.
In the shaft coupling mechanism in accordance with a
preferred ninth aspect of the invention according to the
shaft coupling mechanism in any one of the third to eighth
aspects, the projection of the other rotation transmitting
member has a slit. Furthermore, in the shaft coupling
mechanism in accordance with a preferred 10th aspect
of the invention according to the shaft coupling mecha-
nism in any one of the third to ninth aspects, the one and
the other coupling base bodies respectively have at least
one pair of projections.

[0015] The shaft coupling mechanism in accordance
with a preferred 11th aspect of the invention according
to the shaft coupling mechanism in any one of the first
to 10th aspects is one for an electric power steering ap-
paratus, and the one rotating shaft may be adapted to
be coupled to one of an output rotating shaft of an electric
motor and a steering shaft of an automobile, and the other
rotating shaft may be adapted to be coupled to another
one of the output rotating shaft of the electric motor and
the steering shaft of the automobile.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0016] According tothe presentinvention, itis possible
to provide a shaft coupling mechanism for an electric
power steering apparatus in which backlash in the rotat-
ing direction is difficult to occur between one rotating
shaft, e.g., a rotating shaft coupled to the output rotating
shaft of the electric motor, and another rotating shaft,
e.g., the steering shaft coupled to the steering wheel over
long periods of time, which makes it possible to reduce
the transmission to the steering wheel of the impact at
the time of the reversing of the electric motor and the
brush vibration, and which hence excels in durability and
prevents the steering feel from becoming uncomfortable.

BEST MODE FOR CARRYING OUT THE INVENTION
[0017] Hereafter, a more detailed description will be
given of the mode for carrying out the invention on the
basis of the preferred embodimentillustrated in the draw-
ings. It should be noted that the invention is not limited
to the embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1is an exploded perspective view of a preferred

10

15

20

25

30

35

40

45

50

55

embodiment of the invention;

Fig. 2 is an explanatory diagram of both rotation
transmitting members of the embodiment shown in
Fig. 1, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 3 is an explanatory characteristic diagram illus-
trating the relationship between displacement and
resistance in the embodiment shown in Fig. 1;

Fig. 4 is an explanatory diagram of one rotation trans-
mitting member of the embodiment shown in Fig. 1,
in which the part (a) is a front elevational view, and
the part (b) is a right side view of the part (a);

Fig. 5 is an explanatory diagram of the other rotation
transmitting member of the embodiment shown in
Fig. 1, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 6 is an explanatory diagram of another example
of both rotation transmitting members which can be
used in the embodiment shown in Fig. 1, in which
the part (a) is a front elevational view, and the part
(b) is a right side view of the part (a);

Fig. 7 is an explanatory diagram of one rotation trans-
mitting member of the example shown in Fig. 6, in
which the part (a) is a front elevational view, and the
part (b) is a right side view of the part (a);

Fig. 8 is an explanatory diagram of the other rotation
transmitting member of the example shown in Fig.
6, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 9 is an explanatory diagram of still another ex-
ample of both rotation transmitting members which
can be used in the embodiment shown in Fig. 1, in
which the part (a) is a front elevational view, and the
part (b) is a right side view of the part (a);

Fig. 10 is an explanatory diagram of one rotation
transmitting member of the example shown in Fig.
9, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 11isanexplanatory diagram of the other rotation
transmitting member of the example shown in Fig.
9, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 12 is an explanatory diagram of a further exam-
ple of the rotation transmitting members which can
be used in the embodiment shown in Fig. 1, in which
the part (a) is a front elevational view, and the part
(b) is a right side view of the part (a);

Fig. 13 is an explanatory characteristic diagram il-
lustrating the relationship between displacement
and resistance in the example shown in Fig. 12;
Fig. 14 is an explanatory diagram of one rotation
transmitting member of the example shown in Fig.
12, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
Fig. 15is an explanatory diagram of the other rotation
transmitting member of the example shown in Fig.
12, in which the part (a) is a front elevational view,
and the part (b) is a right side view of the part (a);
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Fig. 16 is an explanatory diagram of a still further
example of the rotation transmitting members which
can be used in the embodiment shown in Fig. 1, in
which the part (a) is a front elevational view, and the
part (b) is a right side view of the part (a);

Fig. 17 is a cross-sectional view taken in the direction
of arrows along line XVII - XVII shown in Fig. 16;
Fig. 18 is a diagram explaining the operation of the
example shown in Figs. 16 and 17; and

Fig. 19 is an explanatory diagram of a further exam-
ple of both rotation transmitting members which can
be used in the embodiment shown in Fig. 1, in which
the part (a) is a front elevational view, and the part
(b) is a right side view of the part (a).

[0019] In Figs. 1 to 5, a shaft coupling mechanism 1
for an electric power steering apparatus in accordance
with this embodiment is comprised of a coupling base
body 3 coupled to a rotating shaft 2; a coupling base body
5 coupled to a steering shaft 4 serving as a rotating shaft;
and a pair of rotation transmitting members 6 and 7 which
are disposed between the rotating shaft 2 and the steer-
ing shaft 4 by means of both coupling base bodies 3 and
5 and transmit the rotation of the rotating shaft 2 to the
steering shaft 4.

[0020] The rotating shaft 2 is a rotating shaft on an
electric motor side of the electric power steering appa-
ratus. The coupling base body 3 includes an annularbase
portion 11; a pair of projections 12 provided integrally
with the base portion 11 in such a manner as to project
in an axial direction, i.e., in an A direction, and arranged
at an angular interval of 180° in the direction about the
axis, i.e., inan R direction; and a through hole 13 in which
the rotating shaft 2 is fitted and secured therein. The cou-
pling base body 5 includes an annular base portion 16;
a pair of projections 17 provided integrally with the base
portion 16 in such a manner as to project in the A direction
and arranged at an angular interval of 180° in the R di-
rection; and a through hole 18 in which the steering shaft
4 is fitted and secured therein.

[0021] Each of the projections 12 has in the R direction
a pair of side surfaces 21 and 22 serving as rotation trans-
mitting rigid surfaces, and each of the projections 17 also
has in the R direction a pair of side surfaces 23 and 24
serving as rotation transmitting rigid surfaces. The side
surfaces 21 and 22 of each projection 12 are disposed
between the side surface 24 and the side surface 23 of
the projections 17 in the R direction. The side surfaces
23 and 24 of each projection 17 are disposed between
the side surface 22 and the side surface 21 of the pro-
jections 12 in the R direction. Thus, the coupling base
body 3 has two pairs of the side surfaces 21 and 22 serv-
ing as the rotation transmitting rigid surfaces, and the
coupling base body 5 has two pairs of the side surfaces
23 and 24, each pair serving as a pair of rotation trans-
mitting rigid surfaces which are disposed between the
side surfaces 21 and 22 which are the rotation transmit-
ting rigid surfaces of the respective pairs.
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[0022] The rotation transmitting member 6, which is
made of a soft material having a smaller rigidity than the
rotation transmitting member 7, has an annular base por-
tion 31 as well as a pair of projections 32 serving as ro-
tation transmitting portions which are provided integrally
with the base portion 31 in such a manner as to project
in the radial direction, are arranged at an angular interval
of 90° (or 270°) in the R direction, and exhibit a linear
resistance (stress) characteristic represented by a
straight line a - 0 - b in Fig. 3. The rotation transmitting
member 7, which is made of a material having a greater
rigidity than the rotation transmitting member 6, has an
annular base portion 35 superposed on the base portion
31 of the rotation transmitting member 6 as well as a pair
of projections 36 serving as rotation transmitting portions
which are provided integrally with the base portion 35 in
such a manner as to project in the radial direction, are
arranged at an angular interval of 90° (or 270°) in the R
direction, and exhibita nonlinear resistance (stress) char-
acteristic represented by a broken linec-d-0-e-fin
Fig. 3.

[0023] In the rotation transmitting member 6, one pro-
jection 32 has a side surface 41 which comes into contact
with the side surface 22 of one projection 12 as well as
a side surface 42 which comes into contact with the side
surface 23 of one projection 17, and is disposed between
the side surface 22 of the one projection 12 and the side
surface 23 of the one projection 17. The other projection
32 has a side surface 41 which comes into contact with
the side surface 24 of the one projection 17 as well as a
side surface 42 which comes into contact with the side
surface 21 of the other projection 12, and is disposed
between the side surface 24 of the one projection 17 and
the side surface 21 of the other projection 12.

[0024] In the rotation transmitting member 7, one pro-
jection 36 has a side surface 51 which comes into contact
with the side surface 22 of the other projection 12 as well
as a side surface 52 which comes into contact with the
side surface 23 of the other projection 17, and is disposed
between the side surface 22 of the other projection 12
and the side surface 23 of the other projection 17. The
other projection 36 has a side surface 51 which comes
into contact with the side surface 24 of the other projec-
tion 17 as well as a side surface 52 which comes into
contact with the side surface 21 of the one projection 12,
and is disposed between the side surface 24 of the other
projection 17 and the side surface 21 of the one projection
12.

[0025] Thus, the pair of projections 12 of the coupling
base body 3 and the pair of projections 17 of the coupling
base body 5 are arranged alternately in the R direction
between the pair of projections 32 of the rotation trans-
mitting member 6, between the pair of projections 36 of
the rotation transmitting member 7, and between the ad-
jacent projections 32 and 36 of the rotation transmitting
members 6 and 7, respectively.

[0026] The projection 32 has the linear resistance
characteristic represented by the straightlinea-0-bin
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Fig. 3 with respect to the compressive deformation in the
R direction. Each of the projections 36 has a slit 63 which
communicates with a circularhole 61 provided in the base
portion 35 and is open at an apex surface 62 of the pro-
jection 36. In a case where the width of the slit 63 in the
R direction is present, the projection 36 is flexurally de-
formable in the R direction. Meanwhile, in a case where
the width of the slit 63 in the R direction has become zero
due to the flexural deformation in the R direction, and the
slit 63 has disappeared, the projection 36 is subjected to
compressive deformation instead of the flexural defor-
mation. Thus, the projection 36 has the nonlinear resist-
ance characteristic which, in the deformation of less than
afixed degreein the Rdirection, exhibits a gradient small-
er than the gradient of the linear resistance characteristic
of the projection 32 represented by a straight lined - 0 -
e in Fig. 3 based on the flexural deformation, which, in
the deformation of the fixed degree or greater in the R
direction, exhibits a gradient greater than the gradient of
a linear resistance characteristic of the projection 32 rep-
resented by straight lines ¢ - d and e - f in Fig. 3 based
on the compressive deformation, and which, as a whole,
is represented by a broken linec-d-0-e-fin Fig. 3.

[0027] Thus, with respectto the relative rotation of less
than the fixed degree in the R direction between the ro-
tating shaft 2 and the steering shaft 4, i.e., with respect
to such a relative rotation that the width of the slit 63 in
the R direction does not become zero and the slit 63 does
not disappear, the projection 32 of the rotation transmit-
ting member 6 has a rigidity which is represented by the
gradient of the straight line a - 0 - b and which is smaller
than the rigidity of the projection 36 of the rotation trans-
mitting member 7 with respect to the relative rotation of
the fixed degree or greater in the R direction between
the rotating shaft 2 and the steering shaft 4, i.e., with
respect to such a relative rotation that the slit 63 disap-
pears, i.e., the rigidity represented by the gradient of the
straight lines ¢ - d and e - f. With respect to the relative
rotation of less than the fixed degree in the R direction
between the rotating shaft 2 and the steering shaft 4, i.e.,
with respect to such a relative rotation that the slit 63
does notdisappear, the projection 36 of the rotation trans-
mitting member 7 has a rigidity which is represented by
the gradient of the straight line d - 0 - e, i.e., a rigidity
smaller than the rigidity in the R direction of the projection
32 of the rotation transmitting member 6, i.e., the rigidity
represented by the gradient of the straight linea -0 - b.
Meanwhile, with respect to the relative rotation of the
fixed degree or greater in the R direction between the
rotating shaft 2 and the steering shaft 4, i.e., with respect
to such a relative rotation that the slit 63 disappears, the
projection 36 of the rotation transmitting member 7 has
a rigidity which is represented by the gradients of the
straight lines ¢ - d and e - f, i.e., a rigidity greater than
the rigidity in the R direction of the projection 32 of the
rotation transmitting member 6, i.e., the rigidity repre-
sented by the gradient of the straight line a - 0 - b. Thus,
with respect to such a relative rotation of less than the
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fixed degree in the R direction between the rotating shaft
2 and the steering shaft 4 that the slit 63 does not disap-
pear, the pair of rotation transmitting members 6 and 7
are adapted to respond with the resistance in the R di-
rection represented by the straight line h - 0 - i in Fig. 3
which combines the resistance of the rotation transmit-
ting member 6 in the R direction and the resistance of
the rotation transmitting member 7 in the R direction.
Meanwhile, with respect to such a relative rotation of the
fixed degree or greater in the R direction between the
rotating shaft 2 and the steering shaft 4 that the slit 63
disappears, the pair of rotation transmitting members 6
and 7 are adapted to respond with the resistance repre-
sented by the straight lines g - h and i - j in Fig. 3 which
combines the resistance of the rotation transmitting
member 6 in the R direction and the resistance of the
rotation transmitting member 7 in the R direction. More-
over, with respect to such a relative rotation of less than
the fixed degree in the R direction between the rotating
shaft 2 and the steering shaft 4 that the width of the slit
63 in the R direction does not become zero, the rotation
transmitting member 6 has a rigidity smaller than the ri-
gidity of the rotation transmitting member 7 with respect
to such a relative rotation of the fixed degree or greater
in the R direction between the rotating shaft 2 and the
steering shaft 4 that the width of the slit 63 in the R di-
rection becomes zero. With respect to such a relative
rotation of less than the fixed degree in the R direction
between the rotating shaft 2 and the steering shaft 4 that
the width of the slit 63 in the R direction does not become
zero, the rotation transmitting member 7 has a rigidity
smaller than the rigidity of the rotation transmitting mem-
ber 6, whereas with respect to such a relative rotation of
the fixed degree or greater in the R direction between
the rotating shaft 2 and the steering shaft 4 that the width
of the slit 63 in the R direction becomes zero, the rotation
transmitting member 7 has a rigidity greater than the ri-
gidity of the rotation transmitting member 6.

[0028] The base portion 31 has a thickness smaller
than the thickness of each projection 32 in the A direction,
and the base portion 35 also has a thickness smaller than
the thickness of each projection 36 in the A direction. The
rotation transmitting members 6 and 7 are disposed such
that their base portions 31 and 35 are superposed on
each other in the A direction. Thus, the shaft coupling
mechanism 1 is disposed between two rotating shafts
consisting of the rotating shaft 2 coupled to the output
rotating shaft of the electric motor and the steering shaft
4 of the automobile, and is adapted to couple the rotating
shaft 2 and the steering shaft 4 by means of the coupling
base bodies 3 and 5 and the pair of rotation transmitting
members 6 and 7 for transmitting the rotation in the R
direction of the rotating shaft 2 to the steering shaft 4.
[0029] With the electric power steering apparatus
equipped with the above-described shaft coupling mech-
anism 1, when the steering wheel is manually operated
by the driver, the steering shaft 4 is rotated in the R di-
rection, and the rotation of the steering shaft 4 in the R
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direction is transmitted to a drag link and the like as re-
ciprocating motion through an unillustrated transmission
mechanism such as gears, thereby imparting a steering
force for steering wheels (wheels). In the manual oper-
ation of the steering wheel by the driver, when the electric
motor which is controlled by a detection signal from a
torque detector for detecting the torque applied to the
steering wheel is operated, the rotating shaft 2 is rotated
in the R direction. The rotation of the coupling base body
3 in the R direction is then transmitted to the projections
17 of the coupling base body 5, accompanied by the de-
formation of the projections 32 in the R direction and the
deformation of the projections 36 in the R direction which
narrows the opening width of the slit 63 due to the pro-
jections 12. As a result, the torque of the rotating shaft 2
in the R direction is added to the torque of the steering
shaft 4 in the R direction, thereby assisting the manual
operation of the steering wheel by the driver.

[0030] Incidentally, with the shaft coupling mechanism
1, in both the state in which the steering wheel is not
manually operated by the driver and the steering shaft 4
is not rotated in the R direction and the state in which the
steering wheel is manually operated by the driver and
the steering shaft 4 is rotated in the R direction, in a case
where the rotating shaft 2 is relatively rotated with respect
to the steering shaft 4 in the R direction by such a very
small degree that the width of the slit 63 in the R direction
does not become zero and the slit 63 does not disappear,
i.e., in the relative rotation of less than the fixed degree
in the R direction between the rotating shaft 2 and the
steering shaft 4, the projections 32 are easily deformed
by responding to such a relative rotation with a small
rigidity represented by the straight line a- 0 - b. Also, the
projections 36 each having the slit 63 are easily deformed
so as to make the width of the slit 63 in the R direction
small by responding to the relative rotation with a small
rigidity represented by the straight line d - 0 - e. As a
result, such a very small relative rotation of the rotating
shaft 2 inthe R direction is hardly transmitted to the steer-
ing shaft4. Thus, itis possible to reduce the transmission
to the steering wheel of the impact at the time of the
reversing of the electric motor and the brush vibration
through the shaft coupling mechanism 1 and the steering
shaft 4, thereby making it possible to prevent the steering
feel from becoming uncomfortable. Furthermore, when
the width of the slits 63 becomes zero in the compressive
deformation of the projections 32 in the R direction and
the flexural deformation of the projections 36 in the R
direction, the easy deformability of the projections 36 in
the R direction is canceled, and the deformation of each
of the projections 36 in the R direction is difficult to occur,
so that the large deformation of each of the projections
32 in the R direction can be suppressed by each of the
projections 36. Consequently, the permanent set of each
projection 32 due to creep can be prevented, and the
mutual contact in the R direction between each of the
projections 32 and 36 and each of the projections 12 and
17 can be maintained over long periods of time, with the
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result that backlash is made difficult to occur between
the steering shaft 4 and the rotating shaft 2 in the R di-
rection. Then, when the steering shaft 4 is rotated in the
R direction by the manual operation of the steering wheel
by the driver, and the rotating shaft 2 is rotated in the R
direction by the operation of the electric motor, such that
the rotating shaft 2 tends to be relatively rotated in the R
direction with respect to the steering shaft 4 by such a
fixed degree or greater that the width of the slit 63 in the
R direction becomes zero, the rotation transmitting mem-
bers 6 and 7 transmit the rotation of the rotating shaft 2
in the R direction to the steering shaft 4 by responding
to such a relative rotation in the R direction by the fixed
degree or greater with the large rigidity of the projections
36 in the R direction represented by the straight lines c
-d and e - f as a result of the disappearance of the slits
63 and the compression in the R direction as well as the
rigidity of the projections 32 in the R direction as a result
of the compression in the R direction, to thereby assist
the rotation of the steering shaft 4.

[0031] Although in the above-described shaft coupling
mechanism 1 the projections 12, 17, 32, and 62 are pro-
vided in one pairs, respectively, the projections may al-
ternatively be provided in two pairs, respectively, as
shown in Figs. 6 to 8. Namely, in the shaft coupling mech-
anism 1 shown in Figs. 6 to 8, the coupling base body 3
has, in addition to the rigid base portion 11 and the
through hole 13, two pairs of rigid projections 12a and
12b which are provided integrally with the base portion
11 in such a manner as to project in the axial direction,
i.e., in the A direction, and are arranged at angular inter-
vals of 180° in the direction about the axis, i.e., in the R
direction. The coupling base body 5 has, in addition to
the rigid base portion 16 and the through hole 18, two
pairs of rigid projections 17a and 17b which are provided
integrally with the base portion 16 in such a manner as
to project in the A direction, and are arranged at angular
intervals of 180° in the R direction. The rotation transmit-
ting member 6 has, in addition to the base portion 31,
two pairs of projections 32a and 32b serving as rotation
transmitting portions which are provided integrally with
the base portion 31 in such a manner as to project in the
radial direction, are arranged at angular intervals of 45°
(or 315°) in the R direction, and have a linear resistance
characteristic. The rotation transmitting member 7 has,
in addition to the base portion 35, two pairs of projections
36a and 36b serving as rotation transmitting portions
which are provided integrally with the base portion 35 in
such a manner as to project in the radial direction, and
which have a nonlinear resistance characteristic. The
four projections 12a and 12b of the coupling base body
3 and the four projections 17a and 17b of the coupling
base body 5 are arranged alternately in the R direction
about the axis in contact with and between the two pairs
of projections 32a and 32b of the rotation transmitting
member 6, between the two pairs of projections 36a and
36b of the rotation transmitting member 7, and between
the adjacent projections 32a and 32b as well as projec-
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tions 36a and 36b of the rotation transmitting members
6 and 7, respectively.

[0032] Also with the shaft coupling mechanism 1
shown in Figs. 6 to 8, the projections 32a and 32b exhibit
the linear resistance characteristic represented by the
straight line a - 0 - b in Fig. 3 with respect to the defor-
mation in the R direction. Each of the projections 36a and
36b has the slit 63 which communicates with the circular
hole 61 provided in the base portion 35 and is open at
the apex surface 62 of each of the projections 36a and
36b. In the case where the width of the slit 63 in the R
direction is present, the projections 36a and 36b are de-
formable in the R direction. Meanwhile, in the case where
the width of the slit 63 in the R direction has become zero
due to the flexural deformation in the R direction, and the
slit 63 has disappeared, each of the projections 36a and
36b is subjected to compressive deformation instead of
the flexural deformation. Thus, the projections 36a and
36b have the nonlinear resistance characteristic which,
in the deformation of less than the fixed degree in the R
direction, exhibits a gradient smaller than the gradient of
the linear resistance characteristic of the projections 32a
and 32b represented by the straight line d - 0 - e in Fig.
3 based on the flexural deformation, which, in the defor-
mation of the fixed degree or greater in the R direction,
exhibits a gradient greater than the gradient of the linear
resistance characteristic of the projections 32a and 32b
represented by the straight lines c-d and e - fin Fig. 3
based on the compressive deformation, and which, as a
whole, is represented by the broken line c-d-0-e-fin Fig. 3.
[0033] With the electric power steering apparatus
equipped with the shaft coupling mechanism 1 shown in
Figs. 6 to 8, in the same way as the one equipped with
the shaft coupling mechanism 1 shown in Figs. 1to0 5, in
both the state in which the steering wheel is not manually
operated by the driver and the steering shaft 4 is not
rotated in the R direction and the state in which the steer-
ing wheel is manually operated by the driver and the
steering shaft 4 is rotated in the R direction, in a case
where the rotating shaft 2 is relatively rotated with respect
to the steering shaft 4 in the R direction by a very small
degree, i.e., in the relative rotation of less than the fixed
degree in the R direction between the rotating shaft 2
and the steering shaft 4, the projections 32a and 32b are
easily deformed by responding to such a relative rotation
with a small rigidity represented by the straight line a - 0
- b. Also, the projections 36a and 36b each having the
slit 63 are easily deformed so as to make the width of the
slit63 in the R direction small by responding to the relative
rotation with a small rigidity represented by the straight
lined-0-e.Asaresult, such avery small relative rotation
of the rotating shaft 2 in the R direction is hardly trans-
mitted to the steering shaft4. Thus, itis possible toreduce
the transmission to the steering wheel of the impact at
the time of the reversing of the electric motor and the
brush vibration through the shaft coupling mechanism 1
and the steering shaft 4, thereby making it possible to
prevent the steering feel from becoming uncomfortable.
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Furthermore, when the width of the slits 63 becomes zero
in the compressive deformation of the projections 32a
and 32b in the R direction and the flexural deformation
of the projections 36a and 36b in the R direction, the easy
deformability of the projections 36a and 36b in the R di-
rection is canceled, and the deformation of each of the
projections 36a and 36b in the R direction is difficult to
occur, so that the large deformation of each of the pro-
jections 32aand 32b in the R direction can be suppressed
by each of the projections 36a and 36b. Consequently,
the permanent set of the projections 32a and 32b due to
creep can be prevented, and the mutual contact in the R
direction between each of the projections 32a and 32b
and the projections 36a and 36b, on the one hand, and
each of the projections 12a and 12b and the projections
17a and 17b, on the other hand, can be maintained over
long periods of time, with the result that backlash is made
difficult to occur between the steering shaft 4 and the
rotating shaft 2 in the R direction. Then, when the steering
shaft 4 is rotated in the R direction by the manual oper-
ation of the steering wheel by the driver, and the rotating
shaft 2 is rotated in the R direction by the operation of
the electric motor, such that the rotating shaft 2 tends to
be relatively rotated in the R direction with respect to the
steering shaft 4 by a fixed degree or greater, the rotation
transmitting members 6 and 7 transmit the rotation of the
rotating shaft 2 in the R direction to the steering shaft 4
by responding to such arelative rotation in the R direction
by the fixed degree or greater with the large rigidity of
the projections 36a and 36b in the R direction represent-
ed by the straight lines c - d and e - f as a result of the
disappearance of the slits 63 as well as the rigidity of the
projections 32a and 32b in the R direction as a result of
the compression in the R direction, to thereby assist the
rotation of the steering shaft 4.

[0034] In addition, with each of the above-described
shaft coupling mechanisms 1, the projections 32 or 32a
and 32b of the rotation transmitting member 6 and the
projections 36 or 36a and 36b of the rotation transmitting
member 7 are arranged so as not to overlap in the A
direction. Alternatively, however, as shown in Figs. 9 to
11, the projections of the rotation transmitting member 6
and the rotation transmitting member 7 may be arranged
so as to overlap in the A direction. In Figs. 9 to 11, the
coupling base body 3 has, in addition to the rigid base
portion 11 and the through hole 13, three rigid projections
12 which are provided integrally with the base portion 11
in such a manner as to project in the axial direction, i.e.,
in the A direction, and are arranged at equiangular inter-
vals of 120° in the direction about the axis, i.e., in the R
direction. The coupling base body 5 has, in addition to
the rigid base portion 16 and the through hole 18, three
rigid projections 17 which are provided integrally with the
base portion 16 in such a manner as to project in the A
direction, and are arranged at equiangular intervals of
120° in the R direction. The rotation transmitting member
6, which is made of a material having a smaller rigidity
than the rotation transmitting member 7, has the annular
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base portion 31 as well as six projections 32 serving as
rotation transmitting portions which are provided integral-
ly with the base portion 31 in such a manner as to project
in the radial direction, and are arranged at equiangular
intervals in the R direction. The rotation transmitting
member 7, which is made of a material having a greater
rigidity than the rotation transmitting member 6, has two
rotation transmitting plates 72 and 73. Each of the rotation
transmitting plates 72 and 73 has the annular base por-
tion 35 as well as six projections 36 serving as rotation
transmitting portions which are provided integrally with
the base portion 35 in such a manner as to project in the
radial direction, and are arranged at equiangular intervals
in the R direction.

[0035] In the rotation transmitting member 6 disposed
between the rotation transmitting plates 72 and 73 in the
A direction, each of the projections 32 has a side surface
41 which comes into contact with the one-side surfaces
22 and 24 of the projection 12 and the projection 17, as
well as a side surface 42 which comes into contact with
the other side surfaces 21 and 23 of the projection 12
and the projection 17, each of the projections 32 being
disposed between corresponding ones of the side sur-
faces 21 and 22 of the projection 12 and the side surfaces
23 and 24 of the projection 17 in the R direction. The
projection 32 has the linear resistance characteristic rep-
resented by the straight line a - 0 - b in Fig. 3 with respect
to the deformation in the R direction.

[0036] In each of the rotation transmitting plates 72
and 73 disposed with the rotation transmitting member
6 placed therebetween, each of the projections 36 has a
side surface 51 which comes into contact with the one-
side surfaces 22 and 24 of the projection 12 and the pro-
jection 17, a side surface 52 which comes into contact
with the other side surfaces 21 and 23 of the projection
12 and the projection 17, and a slit 63 which communi-
cates with the circular hole 61 provided in the base portion
35 and is open at the apex surface 62 of the projection
36. Each of the projections 36 is disposed between cor-
responding ones of the side surfaces 21 and 22 of the
projection 12 and the side surfaces 23 and 24 of the pro-
jection 17 in the R direction. A nonlinear resistance char-
acteristicis imparted to the projection 36 in the R direction
by the slit63. Namely, the projection 36 has the nonlinear
resistance characteristic which, in the deformation of less
than the fixed degree in the R direction, exhibits a gradi-
entsmaller than the gradient of the linear resistance char-
acteristic of each of the projections 32 represented by
the straight line d - 0 - e in Fig. 3, and which, in the de-
formation of the fixed degree or greater in the R direction,
exhibits a gradient greater than the gradient of each of
the projections 32 represented by the straight lines ¢ - d
and e - fin Fig. 3.

[0037] In the case of the example shown in Figs. 9 to
11, a width D1 of the projection 32 in the R direction and
a width D2 of the projection 36 in the R direction with the
slit 63 completely open are substantially equal.

[0038] In the above-described rotation transmitting
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members 6 and 7 shown in Figs. 9 to 11, every other
projection 32 of the rotation transmitting member 6 is
disposed between the side surface 22 in the R direction
of the projection 12 of the coupling base body 3 and the
side surface 23 in the R direction of the projection 17 of
the coupling base body 5. Every other additional projec-
tion 32 of the rotation transmitting member 6 is disposed
between the side surface 21 in the R direction of the
projection 12 of the coupling base body 3 and the side
surface 24 in the R direction of the projection 17 of the
coupling base body 5. Every other projection 36 of the
rotation transmitting member 7 is disposed between the
side surface 22 in the R direction of the projection 12 of
the coupling base body 3 and the side surface 23 in the
R direction of the projection 17 of the coupling base body
5. Every other additional projection 36 of the rotation
transmitting member 7 is disposed between the side sur-
face 21 in the R direction of the projection 12 of the cou-
pling base body 3 and the side surface 24 in the R direc-
tion of the projection 17 of the coupling base body 5. The
base portions 31 and 35 of the rotation transmitting mem-
bers 6 and 7 are superposed on each other in the A di-
rection, and the projections 32 and 36 of the rotation
transmitting members 6 and 7 are also superposed on
each other in the A direction.

[0039] Thus, with respect to such a relative rotation of
less than the fixed degree in the R direction between the
rotating shaft 2 and the steering shaft 4 that the width of
the slit 63 in the R direction does not become zero and
the slit 63 does not disappear, the projection 32 of the
rotation transmitting member 6 shown in Figs. 9 to 11
also has a rigidity which is represented by the gradient
of the straight line a - 0 - b in Fig. 3 and which is smaller
than the rigidity of the projection 36 of the rotation trans-
mitting member 7 represented by the gradients of the
straight lines ¢ - d and e - fin Fig. 3 with respect to such
a relative rotation of a fixed degree or greater in the R
direction between the rotating shaft 2 and the steering
shaft 4 that the slit 63 disappears. Also, with respect to
such a relative rotation of less than the fixed degree in
the R direction between the rotating shaft 2 and the steer-
ing shaft 4 that the slit 63 does not disappears, the pro-
jection 36 of the rotation transmitting member 7 has a
rigidity which is represented by the gradient of the straight
lined-0-ein Fig. 3 and which is smaller than the rigidity
in the R direction of the projection 32 of the rotation trans-
mitting member 6 represented by the gradient of the
straight line a - 0 - b in Fig. 3. Meanwhile, with respect
to such a relative rotation of the fixed degree or greater
in the R direction between the rotating shaft 2 and the
steering shaft 4 that the slit 63 disappears, the projection
36 of the rotation transmitting member 7 has a rigidity
which is represented by the gradients of the straight lines
c-dand e - fin Fig. 3, and which is greater than the
rigidity in the R direction of the projection 32 of the rotation
transmitting member 6 represented by the gradient of the
straight line a- 0 - b in Fig. 3. Thus, with respect to such
a relative rotation of less than the fixed degree in the R
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direction between the rotating shaft 2 and the steering
shaft 4 that the slit 63 does not disappear, the pair of
rotation transmitting members 6 and 7 shown in Figs. 9
to 11 are adapted to respond with the resistance in the
R direction represented by the straight line h- 0 -iin Fig.
3 which combines the resistance of the rotation transmit-
ting member 6 in the R direction and the resistance of
the rotation transmitting member 7 in the R direction.
Meanwhile, with respect to such a relative rotation of the
fixed degree or greater in the R direction between the
rotating shaft 2 and the steering shaft 4 that the slit 63
disappears, the pair of rotation transmitting members 6
and 7 are adapted to respond with the resistance repre-
sented by the straight lines g - hand i - j in Fig. 3 which
combines the resistance of the rotation transmitting
member 6 in the R direction and the resistance of the
rotation transmitting member 7 in the R direction. More-
over, with respect to such a relative rotation of less than
the fixed degree in the R direction between the rotating
shaft 2 and the steering shaft 4 that the width of the slit
63 in the R direction does not become zero, the rotation
transmitting member 6 has a rigidity smaller than the ri-
gidity of the rotation transmitting member 7 with respect
to such a relative rotation of the fixed degree or greater
in the R direction between the rotating shaft 2 and the
steering shaft 4 that the width of the slit 63 in the R di-
rection becomes zero. The rotation transmitting member
7 has a rigidity smaller than the rigidity of the rotation
transmitting member 6 with respect to such a relative
rotation of less than the fixed degree in the R direction
between the rotating shaft 2 and the steering shaft 4 that
the width of the slit 63 in the R direction does not become
zero, and yet has a rigidity greater than the rigidity of the
rotation transmitting member 6 with respect to such a
relative rotation of the fixed degree greater in the R di-
rection between the rotating shaft 2 and the steering shaft
4 that the width of the slit 63 in the R direction becomes
zero.

[0040] Also with the shaft coupling mechanism 1
equipped with the rotation transmitting members 6 and
7 shown in Figs. 9 to 11, if the coupling base body 3 is
rotated in the R direction by the rotation of the rotating
shaft 2 in the manual operation of the steering wheel by
the driver, the rotation of the coupling base body 3 in the
R direction is transmitted to the projections 17 of the cou-
pling base body 5, accompanied by the deformation of
the projections 32 in the R direction and the deformation
of the projections 36 in the R direction which narrows the
opening width of the slit 63 due to the projections 12. As
aresult, the torque of the rotating shaft 2 in the R direction
is added to the torque of the steering shaft 4 in the R
direction, thereby assisting the manual operation of the
steering wheel by the driver. In the rotation transmitting
members 6 and 7 shown in Figs. 9 to 11, in the case
where the rotating shaft 2 is relatively rotated with respect
to the steering shaft 4 in the R direction by a very small
degree, i.e., in such a relative rotation of less than the
fixed degree in the R direction between the rotating shaft
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2 and the steering shaft 4 that the width of the slit 63 in
the R direction does not become zero, the projections 32
are easily deformed by responding to such a relative ro-
tation with a small rigidity represented by the straight line
a-0-b. Also, the projections 36 each having the slit 63
are easily deformed so as to make the width of the slit
63 in the R direction small by responding to the relative
rotation with a small rigidity represented by the straight
lined-0-e.Asaresult, such a very small relative rotation
of the rotating shaft 2 in the R direction is hardly trans-
mitted to the rotating shaft 2. Thus, itis possible to reduce
the transmission to the steering wheel of the impact at
the time of the reversing of the electric motor and the
brush vibration through the shaft coupling mechanism 1
and the steering shaft 4, thereby making it possible to
prevent the steering feel from becoming uncomfortable.
Furthermore, when the width of the slits 63 becomes zero
in the compressive deformation of the projections 32 in
the R direction and the flexural deformation of the pro-
jections 36 in the R direction, the easy deformability of
the projections 36 in the R direction is canceled, and the
deformation of each of the projections 36 in the R direc-
tion is difficult to occur, so that the large deformation of
each of the projections 32 in the R direction can be sup-
pressed by each of the projections 36. Consequently, the
permanent set of each projection 32 due to creep can be
prevented, and the mutual contact in the R direction be-
tween each of the projections 32 and 36 and each of the
projections 12 and 17 can be maintained over long peri-
ods of time, with the result that backlash is made difficult
to occur between the steering shaft 4 and the rotating
shaft 2 in the R direction. Then, when the steering shaft
4 is rotated in the R direction by the manual operation of
the steering wheel by the driver, and the rotating shaft 2
is rotated in the R direction by the operation of the electric
motor, such that the rotating shaft 2 tends to be relatively
rotated in the R direction with respect to the steering shaft
4 by a fixed degree or greater, the rotation transmitting
members 6 and 7 transmit the rotation of the rotating
shaft 2 in the R direction to the steering shaft 4 by mainly
responding to such a relative rotation in the R direction
by the fixed degree or greater with the large rigidity of
the projections 36 in the R direction represented by the
straightlines c-d and e -fas aresult of the disappearance
of the slits 63, to thereby assist the rotation of the steering
shaft 4.

[0041] In the rotation transmitting members 6 and 7
shown in Figs. 9 to 11, the slit 63 is provided in each
projection 36, and the widths D1 and D2 of the projection
32 and the projection 36 in the R direction are made sub-
stantially equal. Alternatively, as shown in Figs. 12 to 15,
the rotation transmitting plates 72 and 73 of the rotation
transmitting member 7 may be constructed with the pro-
jections 36 without the slits 63, and the rotation transmit-
ting members 6 and 7 may be formed such that the width
D1 ofthe projection 32 in the R direction becomes greater
than the width D2 of the projection 36 in the R direction.
In this case, with respect to such a relative rotation of
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less than the fixed degree in the R direction between the
rotating shaft 2 and the steering shaft 4 that the width D1
of the projection 32 in the R direction does not become
equal to the width D2 of the projection 36 in the R direction
owing to the deformation of the projection 32, the projec-
tion 32 of the rotation transmitting member 6 has a rigidity
which is represented by the straight line a - 0 - b in Fig.
13, and which is smaller than the rigidity of the projection
36 of the rotation transmitting member 7 represented by
the gradients of the straight linesc-d and e - fin Fig. 13
with respect to such a relative rotation of the fixed degree
or greater in the R direction between the rotating shaft 2
and the steering shaft 4 that the width D1 of the projection
32 in the R direction becomes equal to the width D2 of
the projection 36 in the R direction owing to the deforma-
tion of the projection 32. With respect to such a relative
rotation of less than the fixed degree in the R direction
between the rotating shaft 2 and the steering shaft 4 that
the width D1 of the projection 32 in the R direction does
not become equal to the width D2 of the projection 36 in
the R direction owing to the deformation of the projection
32, the projection 36 of the rotation transmitting member
7 has a rigidity which is represented by the straight line
d - 0 - ein Fig. 13 and which is smaller than the rigidity
of the projection 32 of the rotation transmitting member
6 in the R direction represented by the gradient of the
straight line a - 0 - b in Fig. 13, i.e., in this example, an
equivalent rigidity in which the resistance (stress) based
on the noncontact to the projections 12 and 17 is zero.
Meanwhile, with respect to such a relative rotation of the
fixed degree or greater in the R direction between the
rotating shaft 2 and the steering shaft 4 that the width D1
of the projection 32 in the R direction becomes equal to
the width D2 of the projection 36 in the R direction owing
to the deformation of the projection 32, the projection 36
of the rotation transmitting member 7 has a rigidity which
is represented by the straight lines ¢ - d and e - f in Fig.
13 and which is greater than the rigidity of the projection
32 of the rotation transmitting member 6 in the R direction
represented by the gradient of the straight linea-0-b
in Fig. 13. Thus, with respect to such a relative rotation
of less than the fixed degree in the R direction between
the rotating shaft 2 and the steering shaft 4 that the width
D1 of the projection 32 in the R direction and the width
D2 of the projection 36 in the R direction do not become
equal, the pair of rotation transmitting members 6 and 7
shown in Figs. 12 to 15 are adapted to respond with the
resistance of the rotation transmitting member 6 in the R
direction represented by the straight line h - 0 - i in Fig.
13. Meanwhile, with respect to such a relative rotation of
the fixed degree or greater in the R direction between
the rotating shaft 2 and the steering shaft 4 that the width
D1 of the projection 32 in the R direction and the width
D2 of the projection 36 in the R direction become equal,
the pair of rotation transmitting members 6 and 7 are
adapted to respond with the resistance represented by
the straightlines g-h and i - j in Fig. 13 which combines
the resistance of the rotation transmitting member 6 in
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the R direction and the resistance of the rotation trans-
mitting member 7 in the R direction. Moreover, with re-
spect to such a relative rotation of less than the fixed
degree in the R direction between the rotating shaft 2
and the steering shaft 4 that the width D1 of the projection
32 in the R direction and the width D2 of the projection
36 in the R direction do not become equal, the rotation
transmitting member 6 has a rigidity smaller than the ri-
gidity of the rotation transmitting member 7 with respect
to such a relative rotation of the fixed degree or greater
in the R direction between the rotating shaft 2 and the
steering shaft 4 that the width D1 of the projection 32 in
the R direction and the width D2 of the projection 36 in
the R direction become equal. The rotation transmitting
member 7 has a rigidity smaller than the rigidity of the
rotation transmitting member 6 with respect to such a
relative rotation of less than the fixed degree in the R
direction between the rotating shaft 2 and the steering
shaft 4 that the width D1 of the projection 32 in the R
direction and the width D2 of the projection 36 in the R
direction do not become equal, and yet has a rigidity
greater than the rigidity of the rotation transmitting mem-
ber 6 with respect to such a relative rotation of the fixed
degree or greater in the R direction between the rotating
shaft 2 and the steering shaft 4 that the width D1 of the
projection 32 in the R direction and the width D2 of the
projection 36 in the R direction become equal. It should
be noted that, as described above, in this example, in
the relative rotation of less than the fixed degree in the
R direction between the rotating shaft 2 and the steering
shaft 4, since the projection 36 is not deformed until the
width D1 of the projection 32 in the R direction becomes
equal to the width D2 of the projection 36 in the R direction
owing to the deformation of the projection 32, the projec-
tion 36 exhibits a zero rigidity represented by a straight
line d - e, as shown equivalently in Fig. 13.

[0042] Also in the example shown in Figs. 12 to 15,
after the coupling base body 3 is rotated in the R direction
by the rotation of the rotating shaft 2 in the R direction,
and the projections 32 are deformed in the R direction
by the operation of the electric motor, when the width D1
of the projection 32 in the R direction becomes equal to
the width D2 of the projection 36 in the R direction, the
rotation of the coupling base body 3 in the R direction is
transmitted to the projections 17 of the coupling base
body 5 mainly through the projections 36. As aresult, the
torque of the rotating shaft 2 in the R direction is added
to the torque of the steering shaft 4 in the R direction,
thereby assisting the manual operation of the steering
wheel by the driver. In the rotation transmitting members
6 and 7 shown in Figs. 12 to 15, in the case where the
rotating shaft 2 is relatively rotated with respect to the
steering shaft 4 in the R direction by a very small degree,
i.e., insuch arelative rotation of less than the fixed degree
in the R direction between the rotating shaft 2 and the
steering shaft 4 that the width D1 of the projection 32 in
the R direction does not become equal to the width D2
of the projection 36 in the R direction, the projections 32



21 EP 1752 671 A1 22

are easily deformed by responding to such a relative ro-
tation with a small rigidity represented by the straight line
a-0-b, as shown in Fig. 13. As a result, the very small
relative rotation of the rotating shaft 2 in the R direction
is hardly transmitted to the steering shaft 4. Thus, the
very small relative rotation of the rotating shaft 2 in the
R direction with respect to the steering shaft 4 can be
absorbed by mainly the easy deformability of the projec-
tions 32 in the R direction, with the result that it is possible
to reduce the transmission to the steering wheel of the
impact at the time of the reversing of the electric motor
and the brush vibration through the shaft coupling mech-
anism 1 and the steering shaft 4, thereby making it pos-
sible to prevent the steering feel from becoming uncom-
fortable. Moreover, in the case where the rotating shaft
2 tends to be relatively rotated in the R direction by the
fixed degree or greater with respect to the steering shaft
4 such that the width D1 of the projection 32 in the R
direction becomes equal to the width D2 of the projection
36 in the R direction, the rotation transmitting members
6 and 7 transmit the rotation of the rotating shaft 2 in the
R direction to the steering shaft 4 by mainly responding
to such a relative rotation in the R direction by the fixed
degree or greater with the large rigidity of the projections
36 in the R direction represented by the straight line ¢ -
dore-f,asshowninFig. 13, to thereby assist the rotation
of the steering shaft 4. Consequently, the large deforma-
tion of each of the projections 32 in the R direction can
be suppressed by each of the projections 36, and the
permanent set of each projection 32 due to creep can be
prevented. Further, the mutual contact in the R direction
between each of the projections 32 and 36 and each of
the projections 12 of the coupling base body 3 and the
projections 17 of the coupling base body 5 can be main-
tained over long periods of time, with the result that back-
lash can be made difficult to occur between the steering
shaft 4 and the rotating shaft 2 in the R direction.

[0043] In the case where the rotation transmitting
members 6 and 7 are used in which the width D1 of the
projection 32 in the R direction is greater than the width
D2 of the projection 36 in the Rdirection as in the example
shownin Figs. 12to 15, in the integration for superposing
the rotation transmitting members 6 and 7 in the A direc-
tion, the rotation transmitting member 6 and the rotation
transmitting member 7 may be fitted to each other at their
recesses and projections so that the rotation transmitting
member 7 does not relatively move in the R direction with
respect to the rotation transmitting member 6. In this
case, it suffices if the rotation transmitting member 6 and
the rotation transmitting member 7 are fitted to each other
at their projections and recesses such that each projec-
tion 36 is disposed in the center of each projection 32 in
the R direction when the projections 32 are not compres-
sively deformed. As for such fitting at the projections and
recesses, it suffices if, for example, projections are pro-
vided on the inner peripheral side of the annular base
portion 31, while recesses to which these projections are
fitted are provided on the inner peripheral side of the an-
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nular base portion 35, and the fitting is effected at such
projections and recesses.

[0044] Inthe above-described examples, the side sur-
faces 41 and 42 of the projection 32 are made slightly
higher at the central portion thereof in the thicknesswise
direction of the projection 32. Alternatively, the side sur-
faces 41 and 42 of the projection 32 may be made flat
surfaces in the same way as the side surfaces 51 and
52 of the projection 36, as shown in Fig. 16. Furthermore,
as shown in Figs. 16 and 17, an arrangement may be
provided such that tapered surfaces 81 are respectively
provided on the side surfaces 51 and 52 of each projec-
tion 36 of the rotation transmitting members 72 and 73,
so that an accommodating groove 82 is formed between
each projection 36 and the rotation transmitting member
6 on the side surfaces 51 and 52 side in the case where
the rotation transmitting member 6 and the rotation trans-
mitting member 7 consisting of the rotation transmitting
plates 72 and 73 are superposed on top of each other,
thereby allowing a portion of each projection 32 of the
rotation transmitting member 6 which has been crushed
by compressive deformation to be accommodated in the
accommodating groove 82, as shown in Fig. 18. If the
accommodating grooves 82 foraccommodating the com-
pressively deformed portions of the projections 32 are
thus formed on the respective projections 36 in cooper-
ation with the projections 32, portions of the projections
32 of the rotation transmitting member 6 which have been
crushed by the compressive deformation are prevented
from covering the side surfaces 51 and 52 of the projec-
tions 36 by spreading to the side surfaces 51 and 52 of
the projections 36. Consequently, in the resistance char-
acteristic represented by a broken lineg-h-0-i-j, its
points of inflection h and i can be made to appear more
distinctly, and the permanent set of the projections 32 of
the rotation transmitting member 6 due to creep can be
prevented effectively.

[0045] Although each of the rotation transmitting mem-
bers 7 shown in Figs. 9 to 11, Figs. 12 to 15, and Fig. 16
consists of two rotation transmitting plates 72 and 73, the
rotation transmitting member 7 may alternatively consist
of one or three or more rotation transmitting plates. Sim-
ilarly, the rotation transmitting member 6 may also consist
of two or more rotation transmitting plates. In addition, in
each of the rotation transmitting members 7, the projec-
tions 36 having the slits 63 and the projections 36 without
the slits 63 may be presentin a mixed manner. Moreover,
the numbers of the projections of the coupling base bod-
ies 5 and 6 and the rotation transmitting members 6 and
7 are not limited to the above-described ones. Further,
the shaft coupling mechanism 1 may be embodied by
disposing the rotation transmitting member 6 on the
steering shaft 4 side and the rotation transmitting mem-
ber 7 on the rotating shaft 2 side.

[0046] In the shaft coupling mechanisms 1 shown in
Figs. 9 to 11, Figs. 12 to 15, and Fig. 16, the rotation
transmitting plates 72 and 73 are disposed with the ro-
tation transmitting member 6 placed therebetween by us-
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ing the rotation transmitting member 7 having the two
rotation transmitting plates 72 and 73. Alternatively, as
shown in Fig. 19, by using the rotation transmitting mem-
ber 6 having two rotation transmitting plates 92 and 93
formed of a soft material having a smaller rigidity than
the rotation transmitting member 7, the rotation transmit-
ting plates 92 and 93 are disposed with the rotation trans-
mitting member 7 placed therebetween. Also in the case
of such an example shown in Fig. 19, each of the rotation
transmitting plates 92 and 93 has the annular base por-
tion 31 as well as the projections 32 serving as the rotation
transmitting portions which are provided integrally with
the base portion 31 in such a manner as to project in the
radial direction, and are arranged at equiangular intervals
inthe R direction. Also with the shaft coupling mechanism
1 shown in Fig. 19, the very small relative rotation of the
rotating shaft 2 in the R direction with respect to the steer-
ing shaft 4 can be absorbed by mainly the easy deform-
ability of the projections 32 in the R direction, with the
result that it is possible to reduce the transmission to the
steering wheel of the impact at the time of the reversing
of the electric motor and the brush vibration through the
shaft coupling mechanism 1 and the steering shaft 4,
thereby making it possible to prevent the steering feel
from becoming uncomfortable. Moreover, the large de-
formation of each of the projections 32 in the R direction
can be suppressed by each of the projections 36, and
the permanent set of each projection 32 due to creep can
be prevented. Further, the mutual contact in the R direc-
tion between each of the projections 32 and 36 and each
of the projections 12 of the coupling base body 3 and the
projections 17 of the coupling base body 5 can be main-
tained over long periods of time, with the result that back-
lash can be made difficult to occur between the steering
shaft 4 and the rotating shaft 2 in the R direction.

Claims

1. A shaft coupling mechanism disposed between two
rotating shafts to couple the two rotating shafts by
means of a pair of rotation transmitting members for
transmitting the rotation of one of the rotating shafts
to another one of the rotating. shafts,
wherein, with respect to the relative rotation of less
than a fixed degree in a direction about an axis of
the two rotating shafts between the two rotating
shafts, said pair of rotation transmitting members are
adapted to respond with the resistance of at least
one of said rotation transmitting members in the di-
rection about the axis, and with respectto the relative
rotation of the fixed degree or greater in the direction
about the axis between the two rotating shafts, said
pair of rotation transmitting members are adapted to
respond with the resistance of said one and another
one of said rotation transmitting members in the di-
rection about the axis,
wherein said other rotation transmitting member has

10

15

20

25

30

35

40

45

50

55

13

a rigidity smaller than the rigidity of said one rotation
transmitting member with respect to the relative ro-
tation of less than the fixed degree in the direction
about the axis between the two rotating shafts, and
has a rigidity greater than the rigidity of said one ro-
tation transmitting member with respect to the rela-
tive rotation of the fixed degree or greater in the di-
rection about the axis between the two rotating
shafts, and

wherein, with respect to the relative rotation of less
than the fixed degree in the direction about the axis
between the two rotating shafts, said one rotation
transmitting member has a rigidity smaller than the
rigidity of said other rotation transmitting member
with respect to the relative rotation of the fixed degree
or greater in the direction about the axis between the
two rotating shafts.

The shaft coupling mechanism according to claim 1,
further comprising:

one coupling base body coupled to the one or
the other rotating shaft; and

another coupling base body coupled to the other
or the one rotating shaft,

wherein said pair of rotation transmitting members
are disposed between said coupling base bodies.

The shaft coupling mechanism according to claim 2,
wherein said one rotation transmitting member in-
cludes a base portion and at least one pair of pro-
jections provided integrally with the base portion in
such a manner as to project in a radial direction, and
said other rotation transmitting member includes a
base portion and at least one pair of projections
which are provided integrally with the base portion
in such a manner as to project in the radial direction,
has a rigidity smaller than the rigidity of the pair of
projections of said one rotation transmitting member
with respect to the relative rotation of less than the
fixed degree in the direction about the axis between
the two rotating shafts, and has arigidity greater than
the rigidity of the pair of projections of said one ro-
tation transmitting member with respect to the rela-
tive rotation of the fixed degree or greater in the di-
rection about the axis between the two rotating
shafts,

wherein, with respect to the relative rotation of less
than the fixed degree in the direction about the axis
between the two rotating shafts, the pair of projec-
tions of said one rotation transmitting member have
a rigidity smaller than the rigidity of the pair of pro-
jections of said other rotation transmitting member
with respecttotherelative rotation of the fixed degree
or greater in the direction about the axis between the
two rotating shafts, and

wherein each of said one and said other coupling
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base bodies has a base portion and projections pro-
vided integrally with the base portion in such a man-
ner as to project in an axial direction, the projections
of said one coupling base body and the projections
of said other coupling base body being arranged al-
ternately in the direction about the axis between the
pair of projections of said one rotation transmitting
member, between the pair of projections of said other
rotation transmitting member, and between adjacent
ones of the projections of said one and said other
rotation transmitting members, respectively.

The shaft coupling mechanism according to claim 3,
wherein each of the base portions of said one and
said other rotation transmitting members has a
smaller thickness than the axial thickness of a cor-
responding one of the projections of said one and
said other rotation transmitting members.

The shaft coupling mechanism according to claim 3
or 4, wherein the base portions of said one and said
other rotation transmitting members are superposed
on each other in the axial direction.

The shaft coupling mechanism according to any one
of claims 3 to 5, wherein the projection of said one
rotation transmitting member has a linear resistance
characteristic with respect to the deformation in the
direction about the axis, and the projection of said
other rotation transmitting member has a nonlinear
resistance characteristic which, in the deformation
of less than the fixed degree in the direction about
the axis, exhibits a gradient smaller than the gradient
of the linear resistance characteristic of said one ro-
tation transmitting member, and which, in the defor-
mation of the fixed degree or greater in the direction
about the axis, exhibits a gradient greater than the
gradient of the linear resistance characteristic of said
one rotation transmitting member.

The shaft coupling mechanism according to any one
of claims 3 to 6, wherein the projection of said one
rotation transmitting member has a width in the di-
rection about the axis which is greater than the width
of the projection of said other rotation transmitting
member in the direction about the axis.

The shaft coupling mechanism according to claim 7,
wherein the projection of said other rotation trans-
mitting member has an accommodating groove for
accommodating a compressively deformed portion
of the projection of said one rotation transmitting
member, the accommodating groove being formed
in cooperation with the projection of said one rotation
transmitting member.

The shaft coupling mechanism according to any one
of claims 3 to 8, wherein the projection of said other
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rotation transmitting member has a slit.

10. The shaft coupling mechanism according to any one

of claims 3 to 9, wherein said one and said other
coupling base bodies respectively have at least one
pair of projections.

11. The shaft coupling mechanism according to any one

of claims 1 to 10, wherein said shaft coupling mech-
anism is a shaft coupling mechanism for an electric
power steering apparatus, and the one rotating shaft
is adapted to be coupled to an output rotating shaft
of an electric motor or a steering shaft of an automo-
bile, and the other rotating shaft is adapted to be
coupled to the steering shaft of the automobile or the
output rotating shaft of the electric motor.
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